Screening for the efficiency of vesicular arbuscular mycorrhizal fungi on Pearl Millet and Sorghum by Krishna, K R et al.
& " U t i v .  ,+% 1 ~U'--'LN S - w .  page 2 
SCREENING FOR M E  EFFICIEHCT OF VESICULAR ABBUaCULAR 
MYCORRHIZAL NNGI ON PEARL MILLET NJD SOBaHUn 
K R KRISHNA, P J DART AND K G PAPAVINASASUIIDARAM 
I n t e r n a t i o n a l  c r o p s  Research  I n s t i t u t e  f o r  . t h e  Semi-ar id 
t r o p i c s  Pa tanoheru  502 324, Andhra Pradesh ,  I n d i a .  
ABSTRACT 
S i x  c u l t u r e s  were  t e s t e d  a s  V e s i o u l a r  a r b u s o u l a r  
m y c o r r h i z a l  (VAN) i n o c u l a n t s  f o r  p e a r l  m i l l e t  ( P e n n i s r t t m  
americanum Leeke)  grown i n  p o t s  c o n t a i n i n g  a l f i r o l  s o i l  
under  g l a s s  house c o n d i t i o n s .  The VAN f u n g i  v a r i e d  i n  t h e i r  
a b i l i t y  t o  s t i m u l a t e  p l a n t  growth and P up take ,  I n o o u l a t i o n  
w i t h  Ginasnara -, Cr. mfgmU& and S h m u  
f a s o i c u l a t u m  i n c r e a s e d  s h o o t  d r y - m a t t e r  1.5 f o l d s  o v e r  t h e  
c o n t r o l .  One of  t h e  c u l t u r e s ,  E3 r e s u l t e d  i n  growth 
d e p r e s s i o n .  Rankings o f  t h e ,  same six VAM o u l t u r e s  when 
t e s t e d  on sorghum was d i f f e r e n t  s u g g e s t i n g  s p e c i f i a i t y  
between t h e  i s o l a t e s  and t h e  h o s t  p l a n t  oonoerned. I n  t h e  
f i e l d ,  f o u r  VAM o u l t u r e s  were t e s t e d  on two genotypes  of  
p e a r l  m i l l e t  -BJ 104 and MBH 110. The e x t e n t  of  r e a p o n r e  i n  
p l a n t  growth due t o  VAM c u l t u r e s  d i f f e r e d  from t h a t  found i n  
t h e  g l a s s  house t r i a l s , s u g g e s t i n g  t h a t  r a n k i n g s  from a f i e l d  
s c r e e n i n g  would be d i f f e r e n t .  Some problems i n  t h e  
s o r e e n i n g  o f  V A H  f u n g i  f o r  e f f i c i e n c y  a r e  d i s a u s s e d  and 
s u g g e s t i o n s  made. 
INTRODUCTION 
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C e r e a l  c r o p s  such  a s  wheat  , maize , b a r l e y g  and f i n g e r  
m i l l e t 6  form v e s i c p l a r - a r b u s c u l a r  myoorrh iza l  ( V A M )  
. s y m b i o s i s  and a c r u e  b e n e f i t s  from t h i s  a s s o c i a t i o n .  Most of  
t h e  work on cereal-YAM s y m b i o s i s  h a s  been done i n  t e m p e r a t e  
s o i l  c o n d i t i o n s .  YAM o c c u r  on s e v e r a l  semi-a r id  t r o p i c  
(SAT) crops1' and because  t h e  SAT s o i l s  u s u a l l y  have low 
f e r t i l i t y  s t a t u s ,  such  a s s o c i a t i o n s  may have a  l a r g e  e f f e c t  
on p l a n t  growth. 
There have been s i t u r t i o n r  wbrrr r e rponu  t o .  V i H  
inooulations has been marked, but a t  the m e  tin laak  of 
i t  has a l so  k e n  reported fo r  the rrmr orop , In 0881 of 
- - 
soybean, a single genotype showed wide range i n  the  decree 
of response t o  d i f fe ren t  VAN fungi , inoludinc growth 
depression due t o  some isolates .  Variabi l i ty  i n  the  
response of diferent  genotypes of a par t ioular  orop when 
inoculated w i t h  a single V I M  fungal i so l a t e  ha8 been studied 
only for  pearl mil le t  (Unpublished). In oertain other oases 
the same fungal isolate-plant genotype oombinations have not 
shown s t ab i l i t y  in the degree of rrponse t o  inooulation, 
when put t o  t e s t  i n  .d ifferent  looations (personal 
communicatians). A l l  these f a c t s  sm up to  underline the 
immediate need for  a well thoughtout roreening and seleot ion 
program i f  VAH symbiosis is t o  be suooerfully used i n  the 
f i e l d ,  and obtain consistant responsor fo r  the given orop. 
Pearl mi l le t  and sorghum a re  major cereal orops of SAT 
regions and t h i s  paper deals w i t h  some e f f o r t s  towards 
screening and select ion of VAH fungi for  there two orops. 
MATERIALS AND METHODS 
Pot t r i a l s :  
A pot t r i a l  was conducted using 6 d i f fe ren t  VAM fungi- 
Clomus fasciculatu& 
.- g o  l M S U U W ( E 3 1 ,  9. 
Cigaspora calospora, GiRaSDOra 08 r l t 8 r i b  and b o a u l o ~ ~ o r a  82. 
Plants of pearl mi l le t  hybrid BJ 104 were grown i n  steam 
s t e r i l i z e d  a l f  is01 s o i l  a i r e d  w i t h  r t r r i l i r r d  Brad (1 : 1 
v / v ) ,  pH 8.2, 10.4 PPM NaHC03 e x t r r o t r b l r  P r,',d h m r r t r d  54 
d a y s  a f t e r  p l a n t i n g .  Each t r a r t o r n t  war r r p l i o r t r d  f i v e  
-. 
t imes.  
An exper iment  s i m i l a r  t o  one d e r o r i k d  r b o v r  war r u n  
' u s i n g  t h e  same VAH f u n g a l  s p e c i e s  on sorghum(CSH 5 ) .  S o i l ,  
growth c o n d i t i o n s ,  e x p e r i m e n t a l  d e s i g n  and r e p l i o r t i o n s  and 
o t h e r  p r o c e d u r e s  were a s  fo l lowed f o r  t h e  f i r s t  p o t  t r i a l  on 
p e a r l  m i l l e t .  
The two YAM f u n g i  g i v i n g  t h e  g r e a t e s t  r e s p o n s e  i n  t h e  
f i r s t  exper iment  on p e a r l  m i l l e t  were used a s  i n o c u l a n t s  f o r  
BJ 104 grown i n  s t e r i l i z e d  a l f i s o l  so i1 : sand  (1 : l  v / v ,  pH 
7.2, 7.0 PPM NaHC03 e x t r a c t a b l e  PI. Growth was compared 
between i n o c u l a t e d  p l a n t s  and p l a n t s  grown i n  medium 
supplemented w i t h  P  ( g i v e n  230 mg P p e r  po t  a s  t r i p l e  s u p e r  
phospha te ,  e q u i v a l e n t  t o  8 kg P  per  ha when e x t r a p o l a t e d  on 
a  weight  b a s i s ) .  P l a n t s  were h a r v e s t e d  63 d a y s  a f t e r  
p l a n t i n g .  Each t r e a t m e n t  was r e p l i c a t e d  e i g h t  t imes .  
Mycorrhizal  inoculum: 
The YAM f u n g i  were m a i n t a i n e d  on Cenchrus c i l i a r i s ,  a  
perenni  a1 h o s t ,  grown i n  s t e r i l i z e d  8 a n d : a l f i s o l  s o i l  
m i x t u r e  ( 1 : l  v/v)  f o r  a minimum p e r i o d  o f  90 days.  For V A H  
i n o c u l a t i o n ,  e x t r a m a t r i c a l  ahlamydospores o f  t h e  p a r t i c u l a r  
fungus  were c o l l e c t e d  by wet s i e v i n g  and ca. 600 o f  them 
were l a y e r e d  2-3 opa below t h e  p l a n t i n g  bole .  i n  pot. 
Pot  a u l t u r e  : 
P l a n t s  v e r b  grown i n  a l f i s o l  s o i l  a l o n e  o r  m i r e d '  w i t h  
sand (1:l  v /v )  i n  20 om p o t s  f i l l e d  w i t h  5 kg r o o t  medim.  
For P a d d i t i o n s  f i n e l y  ground weighed amounts were added t o  
t h e  s o i l  f o r  eaoh pot and mixed thoroughly i n  a  p l a s t i o  bag, 
The VIM inooulum was added t o  eaoh of t h e  3 o e n t r a l l y  p laaed  
p l a n t i n g  h o l e s  fol lowed by s e e d s  of t h e  p e a r l  m i l l e t  hybr id  
BJ 104, Two weeks l a t e r  t h e  s e e d l i n g s  were th inned  t o  one 
per pot.  P l a n t s  were watered t o  601 m o i s t u r e  h o l d i n g  
capao i ty  by weight.  The expdriments  were oonduoted i n  a  
g lasshouse  mainta ined a t  a  temperature  ranging from 26 t o  35 
C. Po t s  were arranged on t a b l e s  a s  randomioed bloaks .  Eaoh 
r e p l i o a t e  s e t  c o n t a i n i n g  a l l  t h e  t r e a t m e n t s  was r o t a t e d  
every week among t h e  benches i n  t h e  g lasshouse  (on round 
rob in  b a s i n )  t o  reduce p o s i t i o n a l  e f f e a t s  w i t h i n  t h e  g l a s s  
house. 
F i e l d  t r i a l  : 
A f a c t o r i a l  experiment was conducted i n  t h e  f i e l d  i n  
a l f i s o l  s o i l  wi th  6.7 PPM NaHCOj e x t r a c t a b l e  P, pH 7.1,  and 
supplemented w i t h  u rea  a t  40 kgN/ha. Th i s  t r i a l  examined 
t h e  responses  of 2 p e a r l  m i l l e t  hybr ids ,  BJ 104 and HBH 110 
t o  i n o c u l a t i o n  w i t h  f o u r  d i f f e r e n t  VAH f u n g i ,  P l o t s  
c o n s i s t e d  of six rows spaced 75 cm a p a r t  and 5 m i n  l e n g t h  
and t h e  n e t  p l o t  s i z e  was 12 mZ. Treatments  were a l l o c a t e d  
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t o  form a completely randomired blook derign with four 
repl ioat ions.  Four d i f f e r en t  VAN fungi ware 1nooulrtt:l i n  
the  form of 8and:soil a i x tu r e  oontrining e x t r u r t r i o r l  
. *  . 
chlmydospores end VAH colonized root  piroea of Ceahrus 
c i l i a r i s ,  Five kg of Sand : so i l  VAH inooulum'with 8 spore 
density of approximately 600 per 50 g inooulum was applied 
fo r  each p lo t  of 30 m , The inoculum was plaoed 3 cm deep 
i n  the freshly opened furrow a t  the top of planting ridge. 
Seeds of pearl m i l l e t  hybrids BJ 104 and HBH 110 were hand 
sown and 3 weeks the seedlings were thinned t o  give r 10 om 
between two plans i n  a row, 
Observations: 
In the  case of f i e l d  t r i a l ,  t o t a l  dry weight and seed 
y ie ld  were recorded a t  crop maturity. For pot t r i a l s ,  plant 
height and dry weight wer, recorded a t  harvest.  To determine 
the percentag? root ~010niZat i0n by the  VAH fungi,  r o o t s ,  
from each plant  were careful ly washed f r e e  of adhering s o i l  
and i n i t i a l l y  cut i n to  3 cm segments and mixed thoroughly. 
Four sub samples containing approximately 3-5 g roo t s  were 
removed, pooled and cut i n t o  smaller segments of 1 cm 
' l ength .  They were then t ransferred i n to  bo t t l e s ,  101 KOH 
added and the t i s sue  cleared by steaming i n  a steam 
s t e r i l i z e r  a t  100'~ fo r  5 min followed by s ta in ing  w i t h  
.OSS t ry  pan  blue?6 The wraentage root  colonizr t lon was 
calculated a s  follows: 
Number of VAH p o s i t i v e  segments 
x 100 8 $ vrn o o l o ~ i r r t i o n  
T o t a l  number of segments aoored 
Phosphorus i n  t h e  p lan t  t i s r u e  was e r t i m r t e d  by ..the 
vanrdoaolybdate method a f t e r  d i g e r t i o n  wi th  t r i - r o i d  a i r t u r e  
(HN0:HCLO:H SO: 10:3: 1) .  S t a t i s t i o r l  r n r l y w r  of t h e  da ta  
w e r e  done us ing ANOVA. 
RESULTS 
Three of t h e  six c u l t u r e s  t e s t e d  a s  VAM inooulants ,  
Glomus fascicula tum,  Gigaspora oalospora and G_ m r r g r r i t r  
produced more than a 1.5 f o l d  inc rease  i n  p lan t  dry-matter 
over the  uninoculated con t ro l  (Table 1 ) .  Glomus mossere and 
Acaulospora a l s o  inoreased y i e l d  but p lan t  he igh t  and 
dry-matter production was l e s s  wi th  G_, f 8 8 o i o u l 8 t ~  E3 than 
those  of c o n t r o l  and o the r  t rea tments .  
Inocu la t ion  a l s o  resu l t ed  i n  a 2 t o  3 fo ld  inc rease  i n  
t h e  concen t ra t ion  of P i n  t h e  p lan t  t i s s u e ,  t h e  l e v e l  
varying wi th  t h e  VA fungus. Highest t i s s u e  P 
concen t ra t ion  occured w i t h  Clamua fascioulatum (0.13%) and 
l e a s t  w i t h  g . fascicula tum E3 (0.076%). 
I n  case  of sorghum, inocu la t ion  wi th  C. fasciculatum, 
G. leoasea o r  Gigaspora calospora r e s u l t e d  i n  two f o l d  
inc rease  i n  d r y  weight over con t ro l  (Table 2) .  2. calospora  
which ranked h ighes t  f o r  pear l  m i l l e t  d id  not  i n c r e r a e  dry 
weight of sorghum s i g n i f i c a n t l y  (P(0.05). ~ . f r s o i o u l r t u a  E3 
which depressed t h e  growth of pear l  m i l l e t  s i g n i f l o r n t l y  
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increased t he  dry weight of so rghu .  Petoet8ge P 
oonoentration and t o t a l  uptake of P was a l r o  highrat  i n  
p lan ts  inooulated with 0. f a a o i o u l a t u .  
- Phoaphorucr 
. . 
estimated i n  t he  bleeding sap shouad a ign i f ioant  pos i t ive  
oor re la t ion  with the dry weight (rnO.65; P(0.05). ' 
Increases i n  the t o t a l  dry matter and grain y ie ld  of 
the  two genotypes of pearl  millet', BJ 104 and HBH 110 was 
not s i gn i f i c an t  (Table 9 ) .  Ranking8 of VAH fungi f o r  BJ 104 
was s imi la r  t o  one found i n  pot cu l t u r e  t r i a l s  but f o r  MBH 
110 there was a s l i g h t  d i f f e r e y e .  Since, the  d i f fe r rnoes  
i n  dry matter and grain y ie ld  were not s ign i f ioant ,  the  
ranking6 need careful  consideration. 
There again was an increase i n  P oonoentration in plant  
t i s sue  of pearl m i l l e t  following inoculat ion with Clomus 
fasciculatum; and a 3.6 fo ld  increase i n  P uptake (Table 
4). Cigaspora calopscra a l so  stimulated plant  growth and P 
uptake over t h a t  of uninoculated oonbrols w i t h  or  without P 
f e r t i l i z e r  addition. The shoot dry-matter produced by 
inoculated plants  and those given P f e r t i l i z e r  was s imi la r  
and s ign i f ican t ly  grea te r  than f o r  the  uninoculated oontrol.  
DISCUSSION 
There a r e  differences between t he  th ree  major genera of 
V A I  fungi i n  t h e i r  a b i l i t y  t o  r t i n u l a t e  plant  growth and P 
uptake of pearl mi l le t .  Similar  va r i a t i ons  among VAH tungal 
i s o l a t e s  have been shown f o r  soyborn . Ilher0 u y  k 
speoif io  i n t e r ro t i ons  between t he  plant  rpeoiea and t he  
myaorrhizal i so la te .  q . f a s c i o u l a t u  B3, an i W r t e  kaawn t o  
iaorease growth and P uptake of barley and many other  o jopr  
aotually dooreliaed growth and P uptake o f , p r a r l  m i l l e t  
compared with t he  uninooulated plants. Suoh negative 
e f f eo t s  on plant growth due t o  VAM iaoaulat ioa have 8180 
been recorded fo r  maize, oats" and soybeansQ. Henoe 
seleot ion of an e f f i c i e n t  VAM s t r a i n  needs t o  be made f o r  
each crop but l i t t l e  work has been done i n  t h i s  dirrot ion.  
Some important c r i t e r i a  f o r  screening e f f i o i en t  plant 
VAH symbiosis combinations could be plant dry matter, f i na l  
y ie ld ,  t o t a l  P uptake, percentage P aonoantration i n  the 
t i s sues  concentration of P t ranslocated (i.8. i n  bleeding 
sap) and P t ranslocated per un i t  time i n  t he  bleeding sap. 
Select ion based on the f i n a l  dry-matter production is a 
time and space consuming process when a large number of 
i s o l a t e s  a r e . t o  be t e s t ed ;  thus  there  is  a need fo r  a 
technique which measures t he  e f f i c i enc i e s  of VAH fungi a t  an 
ear ly  stage i n  the  plant-VAH symbiosis which cor re la tes  well 
w i t h  the enhancement of f i n a l  y ie ld  and P uptake. 
The differences i n  P concentration i n  the  t i s sue  due t o  
VAM inoculation a r e  not usually s ign i f ican t .  Often due t o  
p lan ts  inherent a b i l i t y  t o  maintain a threshold P 
concentration the  VAM a f f e c t s  on t i s sue  P concentration ge t s  
masked. The t o t a l  P uptake seems t o  be s ingle  relevant  
c r i t e r i a n  t o  deaide oa t h e  eff ioienoy of sf.bio.fr, whoa it 
,I 
is solely mediated by P uptake. Houever, t h i a  r y a t u  h r r  
i t s  own draw baok i n  t h a t  when we ompare d lv r r ro  geaotyp.8 
. * 
with wide ranged growth r a t e s  and duration t o  maturity tho  
t o t a l  P uptake a s  a d i f f e r en t i a t l og  oha rao t i r l a t i o  ge t8  
overwhelmed by the  fac tor  of dry matter i.e., plant  growth 
rate .  
In the present inves t iga t ion ,  f o r  so rghu ,  t he  bleeding 
sap method when standardized seems a sound method t o  
dis t inguish YAM fungal eff ic iency fo r  P uptake and 
t ranslocat ion provided a l l  the  VAl4 fungi a r e  tes ted  on a 
s ingle  plant genotype and i n  t h i s  case CSH 5. It would be 
worthwhile t o  s e l ec t  the  genoty pa having highest  af f i n i t y  
(percentage V I M  colonizat ion)  fo r  such s tudies .  
A recent report  on peanut, shows a s i gn i f i c an t  pos i t ive  
correlat ion between Iexcesst a lka l ine  phosphrtaae a c t i v i t y  
and 'excess' drymatter due t o  VAH . inooulation . Similar 
r e s u l t s  have been reported f o r  onion although no suah 
cor re la t ion  have been calculatedb. ThTh method although 
sens i t ive  i s  time consuming and needs sophist icat ion.  
H i g h l y  s i gn i f i c an t  increases  obtained i n  t he  pot 
experiments usually breakdown when tes ted  i n  f i e l d .  Perhaps 
mainly due t o  back ground VAM f l o r a  and other  inh ib i tory  
organisms i f  any or  due t o  s o i l  nu t r ien t  s t a t u s  and 
environmental conditions. 
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Three u i n  f r o t o r s  i n  V I l l  symbiosi8 ur the plant, 
fungus rpd enviromeat .  Uaiortuoately not maw hrt* 
LSr 
reoognised t he  f i r s t  fao tor  M important. Sore p lan t  
-. 
speoies have h e n  designated a s  l e a r t  rorpomdlag (o.g., 
g r a sws )  while l e g m e s  suoh a s  Stylorunthis  aad T r i f o l i u  u 
+ highly responsive t o  VAH fungal iaooulation. 
' However oonsidering t he  wide d ivers i ty  with whioh we oaa 
enoounter mong genotyprs of a p r r t iou la r  orop, it i r  f e l t  
t h a t  suoh a oonolu~ion  is premature. A t  ICRISAt we have 
obtained evidences t o  show t h a t  there is wide range i n  t he  
degree of responsivene8s of pearl  n i l l e t  genotype8 t o  VAM 
fungi,  Hence, t h i s  necess i ta tes  sareening of plant  genotype 
f o r  higher a f f i n i t y  t o  VAH oolonization. Thir has a grea t  
bearing on breeding programs of u j o r  mandate oropr of t he  
world, when percantage VAH oolonization a s  an a t t r i b u t e  18 
shown t o  be inher i tab le  by plant  speoies. 
A second arm on the  soreenipg ohart (Pig.1) would h 
the  se lec t ion  based on benefioial  oharaoter is t io8 of VAN 
fungi- P uptake, t ranrlooat ion and plant growth inoreare. 
Having selected su i t ab l e  plant  genotype and the VAN fungal 
combination a major s t ep  would ba t o  get repeated o p t l o l l  
growth increases  i n  d i f f e r en t  s i t ua t i ons  and t h i s  needs 
screening under d i f f e r en t  so i l . and  enviromental  conditions. 
U n t i l 1  t h i s  stage it is ea s i e r  to work i n  control led pot 
. 
cul ture  conditions but fur ther  soreenfg needs t o  be done i n  
f i e l d  s i t ua t i on  a t  d i f f e r en t  looations. Obtaining 
repeatable growth and y ie ld  inorease due t o  VAH inooulation 
i n  tho  f i e l d  s t i l l  r r a i o s  a n  rim a d  n o t  an  obrme4 t r o t .  
Most i n v e s t i g a t o r s  hrvo attributed t h o  inoroarod p l a n t  
.' 
growth and y i e l d  t o  inoreared P uptake ? 0 8 ~ l t i ~  for.VAN 
1 i noou la t ion .  ~ h f o r t u o a t e l y  vary fw have oomparod t h e  VAH 
e f f e a t  wi th  P  f e r t i l i t y  rerponse.  For pea r l  m i l l e t ,  t h o  
Ancrease i n  t h e  p lan t  growth due t o  VAH i n o o u l r t i o n  was 
equ iva len t  t o  t h e  add i t ion  of 8 'kg  P/ha a s  t r i p l e  supor 
phosphate f e r t i l i z e r .  E a r l i e r  s t u d i e s  &owed t h a t  t h e  
growth i n o r e a s e s  due t o  VAH inoou la t ion  were equ iva len t  t o  
t h e  a d d i t i o n  of 50 kg P/ha f o r  maizeP, wheat1' and barleyr). 
For Abelmosous, a d ico t ,  t h e  VAH oon t r ibu t ion  was o q u i v r l e n t  
t o  16.5 Kg p/hdr. The oon t r ibu t ion  of V4M i n  t e r m  of P  
f e r t i l i z e r  equivalent  would be expected t o  vary wi th  t h e  
c r o p  s p e o i e s  and demand f o r  P, p l a n t  age, VAM r p o i o s ,  s o i l  
P s t a t u s  and growth condi t ions .  
Hence, it is s t rongly  f e l t  . t h a t  screening and s e l e o t i o n  
w i l l  not  only he lp  i n  i d e n t i f y i n g  t h e  most e f f i c i e n t  VAH 
i s o l a t e  f o r  a  p a r t i c u l a r  genotype of t h e  orop but a l s o  work 
f o r  opt imiaing t h e  VAH benef i t s .  
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Table 1 Effect of VAH inooulation on growth and P uptake of 
pearl mi l let  hybrid BJIO4 grown i n  s t e r i l e  r l f i r o l  roil 
--------------------.I--.)--------.I~~I----~-II-----N---W~~U-~- 
M~corrhizal Shoot dry weight Phorphoror uptaka 
cultures (g/plant 1 Coaoeotr8tioa Tot3 (S dry wt) (mg/p1rst) 
------.)- ---(I------..--..--------------.I----------------.LI--- 
Gigaapora calosporr 21.07 0.11 23.2 
Glomus fascioul8tus 19.49 0.13 251.2 
Cigpspora margarita 19.05 0.11 21 .r( 
Glomus mosseae 17.16 0.09 15.9 
Acaulospora laevis  16.46 0.09 15.2 
Control 14.51 0.05 8.0 
CV(S) 12 15 20 
---------------------------------------------------------------------- 
Values are means of 5 replicates;  growth period 54 days. 
Table 2: Influence of VM fungi on phosphdrvs uptake md dry wtW 
production of wqhu 
Percentage Shwt dry 
YAM fungi colonisa- matter P wtake 
tion (glplcnt) Pdh wt) Total ~ a l ~ l l m t )  .- 1M) 
G. fasdiculatun 66 1,93 0.51 9,8 
6. mosseae 52 2.20 0,35 1.1 
Gig. margar1 ta  48 2.07 0.49 10.1 
G. fasciculatum E3 40 1.43 0,lO 2.5 
Gig. calospora 36 1 .I4 0,31 3.6 
Acaulospora sp 32 1.33 0,22 2.7 
Control 25 0.98 0.11 1.7 
SE f 0.15 0.02 0,6 
CV X 11 2 1 13 23 
Table 3. . Effects of inooulrtioa of VAN fungi on two geDOtY~@8 of 
pearl mil let  in the f i e l d  
--------------------------- --~....~..---wwww------- 
VAH fungus BJ 104 NU 110 
- - - - - - - - - - - - - - - - -- -- 
Total dry Grain yield Total drr arda  y ie ld  
mat ter la t ter  
( ka/12 & plot 1 
G l .  mosseaa 6.33 3.08 6.66 3.64 
Gig.margarita 6.84 3.18 6.19 3.05 
Control 6.49 3.03 6.61 3.27 
SE TDH: 0.51 
G Y :  0.20 
CV S TDH: 15 
GY: 18 
k b l e  4 Comparison of q o o r r h i t r l  i n o o u l r t l o ~ t  and pho~pboroul  
1 f e r t l l i z r t i o n  on p r r r l  m i l l e t  01 BJ 104 
I - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - . . ' . . ~ - . L -  
Peroentrgr Plant Shoot Piorpbomur uptake 
co lon iz r t ion  br igh t  d r y - u t t r r  ------------r-- 
Treatment ( o r )  (g /p l rn t )  oooo. Tota l  
( I  dry*) (n I /p lao t )  
I-------------------------------------------*-----------------.------ 
lonus fascioulatum 60 A 72 7.2 0.14 9.8 
igaspora calospora 57 A 76 9.1 0.14 13.2 
CV (5 )  13 15 2 4 21 26 
---------------------------------*---, t t t t t t t t t t t t t t t t t t t t t I w I I ~ . - . . . . . c I ~ .  
Values a r e  means of e igh t  r e p l i o r t e r ;  growth period 43 dryr. 
b Data f o r  per cent  roo t  oolonizr t ion by myoorrhizr were analyard r f t a n  ' 
: (r+0.5)  square roo t  transformation8 and v r l u r r  with d i f f e r e n t  r u p r r a d r i p t  
; a r e  s ign i f ioan t ly  d i f f e r e n t  a t  P10.05; CV(S) o r l o u l r t r d  on t r r a r f o m r d  da 
)b 230 mg P/pot applied a s  t r i p l e  super phosphate; uninooulrted. 
Screening for rasponse to  VAN Inoculation - a f low chart 
* High a f f in i ty  * Percantage colon1 zatlon 
* Phosphorus uptake & growth 
* Marked response 
I * Spore production 6 v i r b i l  i t y  
* so11 type 
* Fert i  1 1 t y  condl tlon 
* Envi rorwnantal condl tion 
* Compstltive a b i l l t y  
4 
* Field locatlon t r i a l s  
